Acute coronary syndromes (ACS) like unstable angina (UA) and acute myocardial infarction (AMI) can lead to the morbidity and mortality. Th e diagnosis and management of patients with ACS in the earliest times after symptom onset are considerably important in the emergency service. Study aimed to investigate the serum levels of heat shock protein  (Hsp ), high sensitivity C-reactive protein (hsCRP), total creatine kinase (CK) activity, creatine kinase MB (CK-MB), cardiac troponin I (cTnI), leukocyte count (WBCs) and markers of oxidative stress in the fi rst hours of ACS and to view their diagnostic values.  patients with ACS after admission and  sex-matched healthy controls were included in this study. Serum Hsp , hsCRP, CK, CK-MB, cTnI, protein carbonyls, malondialdehyde as well as whole blood WBCs were measured. Th e level of hsCRP was statistically higher in patients with AMI and UA than that of control group (p<.). WBCs and oxidized protein levels were higher in AMI than in UA and control groups. cTnI was related to CK-MB in AMI and UA groups (r=., r=., p<., respectively) and also related with hsCRP in UA group (r=., p<.). Th e mean Hsp  level was higher by . in AMI and . in UA patients compared to control subjects. hsCRP may have a role in the infl ammatory response after ACS. In addition to cTnI and CK-MB, WBCs and hsCRP may be useful as a marker for the identifi cation of ACS patients with chest pain in early diagnosing. 
INTRODUCTION
Acute coronary syndromes include unstable angina and acute myocardial infarction in which myocardial ischemia and/ or necrosis trigger the infl ammation and subsequent repair processes. Oxidative stress and chronic inflammatory responses play a mysterious role in the initiation and progression of ACS [-] . Plaque rupture and subsequent thrombosis at the site of the plaque rupture are the most common underlying pathophysiologic mechanisms of ACS [,] . Th e defi nition of acute coronary syndrome depends on the specifi c characteristics of each element of the triad of clinical presentation (including a history of coronary artery disease), biochemical cardiac markers such as creatine kinase-MB isoenzme, cardiac troponins and electrocardiographic changes. Patients with ACS span a large spectrum of risk that progresses from UA to non-ST-elevation myocardial infarction and to ST-elevation myocardial infarction [] . Detecting patients in the early hours of ACS is still a challenge for emergency physicians. For instance, the ECG is often nondiagnostic for acute chest pain, and in fact, the sensitivity of the baseline ECG for detecting AMI is only , and up to  of patients with ACS have no chest pain [] . Misdiagnosis has been reported to be the main cause of treatment delays [] . In last decade, routine serum markers (CK-MB, cTnI and T, myoglobin) of myocardial injury in acute coronary cases refl ect only the abnormalities of the infl ammatory milieu and plaque rupture. However, novel identifi ed serum substances are the components of vascular inflammation and/or atherosclerotic plaque instability have drawn recent attention for their ability to portend acute clinical events and their outcomes. Within a number of markers, hsCRP and Hsp  are suggested as a risk marker of ACS in the literature [-] . Little is known about the utility of these biomarkers in combination and relationship with the other markers. In this study, we investigated the serum levels of hsCRP, Hsp , total CK activity, CK-MB, cTnI, WBCs and markers of oxidative stress (protein carbonyls, a marker of protein oxidation; malondialdehyde, a marker of lipid peroxidation) in the fi rst hours of ACS in patients who were admitted to the Emergency Department (ED) for typical chest pain and diagnosed as ACS. In addition, we review the diagnostic values of CK-MB, cTnI, hsCRP, Hsp  and WBCs in view of ROC (receiver operation characteristic) curve analysis in the early assess-ment (ie, within - h of symptom onset) of suspected ACS in the ED and critically review oxidative stress in ACS patients.
MATERIALS AND METHODS

Patients and Procedures
The local ethical committee approved procedures used in this study. Patients with ACS who attended the ED of Ondokuz Mayıs University Hospital were included in this prospective study after they had given informed consent. Th e patients with typical chest pain were enrolled in the study upon arrival to the ED within - h of the onset of symptoms. Typical chest pain was defi ned as squeezing pain over the precordial area radiating to the neck, arm, back or epigastric region accompanied by sweating, nausea, vomiting or syncope. Furthermore, this chest pain was no relieved by rest or no response by sublingual nitroglycerin. Atypical chest pain was defined as pleuritic, induced by palpation, confi ned to one point of the anterior chest wall, lasting only a few seconds or lasting for many hours [] . Following initial clinical evaluation, all patients had a standard -lead ECG, and biochemical markers were assessed. Sexmatched twenty healthy volunteers with no chest pain or clinical evidence of heart disease served as controls. Histories, physical examination, chest radiography, ECG, exercise ECG testing and routine laboratory tests showed that the controls had no evidence of coronary heart disease. According to the changes in ECG fi ndings and cardiac enzymes, patients were divided into two groups; a) myocardial infarction with ST elevation and without ST-elevation, and b) unstable angina pectoris. Th ese groups were commonly classified under the category "acute coronary syndrome". Patients with typical chest pain ongoing > min,  mm STelevation in at least two adjacent precordial leads, > mm in standard leads were classifi ed as "ST-elevation myocardial infarction". Patients without ST-elevation were classifi ed as "non-ST-elevation myocardial infarction" or "unstable angina pectoris" according to the changes in CK-MB and cTnI levels [] . When ACS was diagnosed, patients were admitted to the cardiac unit. All patients underwent coronary angiogram as a routine working up except healthy controls. Signifi cant coronary artery disease was the presence of positive angiogram results at least  narrow in coronary artery.
Laboratory assays
Blood samples were taken from ACS patients upon arrival to the ED. Also, blood was taken from the control subjects. Leukocyte count was measured in the whole blood by LH- Beckman Coulter analyzer. Th e serum was separated by centrifugation from other venous blood sample, and then hsCRP, cTnI, total CK, and CK-MB (mass) analyzed by clinical chemistry laboratory and separated serum for the other tests stored at -ºC until analysis. Circulating hsp  was measured with ELISA kit (EKS-, Stressgen) in the serum samples. Lipid peroxidation in serum was estimated spectrophotometrically by the tiobarbituric acid-reactive substance (TBARS) method with slight modifi cations and expressed in terms of malondialdehyde (MDA) [] . Measurements of protein (carbonyl) oxidation in the serum samples were made by the method of Evans et al. [] with slight modifi cations. Carbonyl concentration (nmol mg - of protein)= nmol ml - of carbonyl groups/protein concentration in mg ml - .
Statistical analysis
All statistical analysis was performed with SPSS software (SPSS, release ., Inc, Chicago, ILL). Data was tested for normality assumption. Th ey were not normally distributed. Th erefore non-parametric statistical analyses were used for all comparisons. Kruskal-Wallis test was used to determine the statistical signifi cance of the diff erences in the groups. Then Mann-Whitney-U test (with Bonferroni correction) was used for comparisons between groups. ROC curves for the variables which have signifi cant eff ect on ACS drawn to indicate the diagnostic values of test variables. Also, we calculated the Spearman Correlation Coeffi cient between the levels of serum parameters. We summarized continuous variables with mean ± standard deviation, categorical variables with percentages. At the . signifi cance level the means of any two groups marked with the same letters indicate statistically non signifi cant groups for each serum parameter.
RESULTS
The general characteristics of the patients and control groups are shown in Table  . As expected, all patients were more probably to have history of hypertension, diabetes, hyperlipidemia, smoking and family history of coronary heart disease than controls. As presented in Table   
DISCUSSION
Prompt recognition of a patient with an ACS is very important since appropriate therapy can markedly improve the prognosis of patients. New cardiac biomarkers have emerged as strong predictors of risk among patients presenting with ACS. Importantly, these biomarkers assess diff erent pathophysiological mechanisms in myocardial ischemia: increases in cTnI indicate myocardial necrosis [] , CK-MB raises within - h of cardiac ischemia/necrosis [] , hsCRP, a marker of in- [] . Elevations in WBCs have been associated with the development of coronary artery disease and AMI [] . Hsp  levels are independently associated with a higher risk of ACS [] . Usually, it is accepted that CK-MB and cTnI are considerably important as AMI indicators in patients with ACS along with chest pain and ECG fi ndings. In our study, statistically signifi cant diff erences were obtained for the levels of these tests between the groups (Table ) . CK-MB and cTnI are gold markers in detecting AMI patients among subjects with ACS. CK-MB may set to differentiate between AMI and UA in the fi rst hours of ACS as shown in Figure  and legend. By the way, these tests were observed to be an elevation in UA patients when compared to healthy control group. As a result of this fi nding, both test levels in patients with ACS might be sensitive signs to change from UA to AMI. Because during acute presentation of symptoms, there is a more contemporary continuum of events that begin with plaque rupture or erosion that lead to UA, and may progress to non-Q wave and Q-wave AMI at any moment [] . Along with these explanations, patients with UA prior to AMI may be evaluated by CK-MB and cTnI leakage, and less Q-wave activity than patients with AMI of sudden onset [] . Some UA patients with an abnormal CK-MB, cTnI and hsCRP may imply a transient myocardial ischemia in relation to duration ischemic episodes. Frequently, these patients are at high immediate risk for cardiac events.
A number of studies have noted that the pathophysiology of coronary artery disease involves infl ammation [, , ] . Th e hsCRP assays can detect low-grade infl ammatory activity within the vascular system, which helps predict the fi rst or recurrent coronary events [] . In the present study, serum hsCRP levels were determined to be higher in UA patients, and highest in AMI patients with respect to control individuals. Interestingly, its value rises in parallel to the levels of increased CK-MB and cTnI in UA and AMI patients as indicated in Table   . In prior studies, Tanaka et al. [] reported that patients with plaque rupture at the culprit site showed higher hsCRP levels in the acute phase of AMI. Liuzzo et al. [] showed that patients presenting with UA who had increased plasma levels of CRP (≥ mg/L). A scientific statement of the Centers for Disease Control and Prevention/ American Heart Association proposed a cutoff of  mg/L as more suitable when the predictive value of CRP was assessed in ACS [] . According to our fi ndings, an increased hsCRP level in UA and AMI, in the absence of systemic infl ammatory disease, is a more likely to refl ect widespread activation of infl ammatory cells. Also, Hansson has indicated that the levels of C-reactive protein and interleukin- are elevated in patients with UA and AMI, with high levels predicting worse prognosis [] . Th e use of hsCRP may signifi cantly add to our ability to correctly identify patients presenting with ACS who are at high risk for future cardiovascular events. In addition to CRP, the other marker of infl ammation and plaque instability is WBC count. Elevations in leukocyte count have been associated with adverse clinical outcomes and a higher mortality rate in the setting of ACS [] . Indeed, platelet activation and markers of inflammation have been associated with coronary artery disease and ACS [] . In our study, WBC count was measured high in patients presenting AMI, however it was elevated (by .) in UA patients with respect to reference count. Madjit et al. [] reported that leu- Null hypothesis: true area = 0.5 kocytosis was an independent predictor of AMI. As a result of our study finding and literature reports [, ] , leukocyte count in the fi rst hours of ACS may be useful as diagnostic or prognostic indicator in patients with AMI or UA. On the other hand, an elevated leukocyte count and enhanced oxidative stress has been implicated in the pathogenesis of coronary artery disease and ACS [, , , , ] . Coronary atherosclerosis, the most common pathological process underlying cardiovascular disease, represents a state of heightened oxidative stress characterized by lipid and protein oxidation in vascular wall [, ] . In relation to this issue, fi ndings of our study indicated that MDA was raised in the serum of UA patients and protein carbonyls in serum were increased in patients with AMI. Th erefore, these results indicate the presence of oxidative stress in patients with ACS. Similarly, Serdar et al. [] have demonstrated to increases serum lipid and protein oxidation in the first hours of ACS in patients with UA and AMI. Kostner et al. [] have shown that lipid peroxidation in serum is significantly higher in UA as compared to patients with stable angina and to controls. Based on the results of scientifi c studies along with our findings, oxidative stress in ACS is an important event.
It may lead to endothelial dysfunction and plaque disruption in patients. Heat shock proteins protect against cell damage and apoptosis. Their expression is up regulated upon exposure to stressful conditions such as ischemia, hypoxia, oxidative damage, mechanical shear stress, and inflammatory response. It has been shown that Hsp  protects cells against ischemic cardiac damage. Dybdahl et al. [] had indicated that Hsp  was rapidly released into circulation after AMI. They have shown that circulating Hsp  is related to the extent of myocardial damage after admission to the emergency unit at six hours and suggested as a marker of myocardial injury. Valen et al. [] reported that Hsp  (also called Hsp ) was increased in atrial tissue of patients with UA. A recent work has demonstrated that plasma levels of Hsp  are markedly higher in patients with ACS within  h of the onset of symptoms than in the controls, and also Hsp  levels are higher in ACS than in stable angina [] . However, mean serum level of Hsp  in the current study was higher in AMI and UA with respect to health controls. It seems to be Hsp  increases along with hsCRP in patients with ACS as shown in Table  . Th erefore, it might have a role in the infl ammatory response against myocardial ischemia or necrosis.
CONCLUSIONS
As shown in Figures , ,  and legends, ROC curve analyses indicated that CK-MB and cTnI provided the highest diagnostic accuracy for discriminating between patients in AMI and UA. After these tests, Hsp  has a higher diagnostic value for separating rather than WBCs and hsCRP (legend for Fig.) . The levels of cTnI and CK-MB have the highest diagnostic value for discriminating between individuals in AMI and health controls. According to ROC analysis results, WBCs and hsCRP have also high diagnostic accuracy with respect to control (legend for Figure ) . Patient population and healthy controls in this study are too small to allow any diagnostic and prognostic conclusions in ACS. Further investigation with large patient population and controls are required to confi rm these fi ndings in the prospective studies. Legend for Fig. 3 b Null hypothesis: true area = 0.5
